Over the last three decades, the DNA profiling is based on a set of core short tandem repeat (STR) loci that are being widely used for forensic DNA testing, which provide sufficient discrimination power for the most applications. Today's forensic DNA tests employ polymerase chain reaction (PCR) and capillary electrophoresis based fragment analysis methods to detect length variation in STRs. Presently, most of the forensic laboratories are generating biparental autosomal STR-based DNA profile on 16-20 and uniparental Y-STR profile on 17 or 23 STR markers. A variety of commercial kits enable hassle free, fast and accurate multiplex amplification of these core STR loci. With the advanced 6 dye matrix supporting Genetic Analyzer 3500/3500Xl, simultaneous amplification of much more STR markers is possible now, which is motivating kit provider companies to increase markers in a single multiplex for increased discrimination power. Besides the increase in number of markers in a single multiplex, the master mix in the preformulated kit is also improved for inhibitor tolerance as well as enabling fast PCR. In the last few years, there has been growing interest in DNA phenotyping which is expected to enable investigation in solving blind cases by providing clues in cases where DNA typing fails. However, much more research is required to make this an established technology like DNA fingerprinting. The new arrival in forensic DNA typing is the launch of pre-formulated next-generation sequencing based multiplex kits, providing option for simultaneous amplification of different types and number of STR markers along with ancestry based single-nucleotide polymorphisms in a single run, thus besides saving cost and time this technique is comparatively more informative too. The article reviews diverse variants of DNA fingerprinting technology, its status and application in forensic case work.
INTRODUCTION
Around two and a half decades back, the technique of forensic DNA fingerprinting has made the criminal case investigations and justice delivery system much more proficient in context of time and accuracy both. Almost 100 years after the release of the famous character Sherlock Holmes [1] , a discovery very strongly attracted the attention of forensic scientists and investigating agencies with its potential to solve many cold cases. This was the discovery of "DNA fingerprints" by Alec Jaffreys at the University of Leicester in the UK. He named the technique as "DNA fingerprinting," which had the potential to produce unique inheritable patterns from different individuals [2] . Setting the identity of an individual means determining its peculiar characteristics at the molecular level that are not shared by any other individual. Identifying an individual is the major concern of investigating agencies as the question has to be answered in a criminal court, whether the subject was involved or was connected to the respective case under investigation? Forensic investigation mainly deals with the determination of the individuality of a person with certainty. It can be a case of paternity dispute, identification of a missing person or recognition of mutilated bodies, i.e., bones, pieces of bone, teeth or any biological material, which are found at the scene of crime. Short tandem repeat (STR) based forensic DNA typing is widely used with certainty for identification in paternity testing and in forensic trace analysis [3, 4] . However, the first use of DNA fingerprinting in March 1985, was to resolve an immigration dispute, which was not a criminal case [5] , and in Jaffery's words had the first case been a criminal case, it would have been challenged and the process may well have been damaged in the courts [6] . The technology was used for the first time in a criminal case of sexual assault and murder of two young girls in Leicestershire, England. The forensic DNA analysis in the case was done by Alec Jaffrey's, who used DNA technology to prove an association between the two cases. Jaffrey's also revealed out that the perpetrator behind both the crimes was the same man Colin Pitchfork [7] . These revelations lead to the exoneration of an innocent young man and resulted into the conviction of Colin Pitchfork for both the crimes in 1988, thus proving that DNA is not only the technology to apprehend the guilty but to save the innocent too. [8] . ISFG is the leading group of DNA fingerprinting experts and is actively involved in the framing of forensic DNA typing strategies (www.isfg.org).
However its important to note that the DNA technology, which was initially developed by Alec Jeffreys is now obsolete for the forensic use [9] and is overtaken by the present day technology after continual developments [ Figure 1 ], which is much more informative, less labor and time consuming, more automated and is effective with very low quantity and even with degraded DNA.
From the development in 1985-1987, Jeffrey's was the only laboratory in the world doing DNA fingerprinting, but around 1987, several organizations, companies, academicians, researchers, medicolegal institutions and the law enforcement agencies around the world started to employ this new and promising technology in their routine case works [9] . DNA fingerprint congresses which were held in five continents, Bern (1990), Belo Horizonte (1992), Hyderabad (1994), Melbourne (1996) , and in Pt. Elizabeth (1999) marked the further developments [9] and made the decade of 1990, the golden phase of research and development in this conclusive technology.
To the process of DNA fingerprinting extraction of DNA is an important process. Different extraction protocols were developed and tried. The method of DNA extraction should be less time consuming, non-toxic, fast, cost effective and should be able to remove the polymerase chain reaction (PCR) inhibitors. After initial several manual, and then semi-automated protocols of DNA extraction, nowadays more stress is on automation in the DNA extraction procedure. Almost all the major companies involved in making kits have their own validated automated DNA extraction systems, where it is possible to extract more purified DNA from more than 10 samples at a time. Steps in present day DNA typing are presented in Figure 2 .
Innocence Project (www.innocenceproject.org)
Catching a factual perpetrator not only leads to its apprehension, but also to the exoneration of an innocent suspect [10] . Many of the wrongly convicted individuals, based on faulty eyewitness or implanted circumstantial evidence, were found "innocent" after the development of DNA typing methods in the mid-1980s. As of 19 July 2015, a total of 330 inmates [11], including some "death row" inmates, previously incarcerated for crimes which they did not commit, have been exonerated. Innocent inmates were exonerated by post-conviction DNA testing because some evidence was preserved in police lockers which were used for DNA analysis. The results successfully excluded them from being the perpetrator of the crime for which they were falsely convicted and imprisoned.
PUTTING A FACE TO THE COLD CASES
In the year 1998, a man from a very rich background was murdered. The murdered man (M1) was having an illicit relationship with another woman (W2), which resulted in the separation of murdered man's wife (W1) and daughter from him. The man started living with the other women (W2) as couple, who later became the cause of his death. 1 day the woman (W2) approached police and lodged a complaint that her husband is missing. As per her statement, a three wheeler vehicle came in the night and her husband left in that. Several investigations for years went futile. After about a decade, the investigator found some clue that, the mistress of the dead man was in a live-in relationship with other man too (M2). Now on further investigation, the investigator was able to solve the mystery. The lady with whom the murdered person (M1) was living had physical intimations with her live-in partner (M2) as well. This man (M2) with another male friend and with the support of the lady (W2) planned the murder, and the plan was executed successfully. After killing the man (M1) they dumped the body in the outskirts of the city, where road construction was in progress. After 10 years, when the investigator tried to locate the place where the body was presumed to be buried by the accused, a new road was constructed there and the height of land was raised about 20 ft after filling. With the permission of the concerned authorities, as per law the search was conducted and at around 15 ft depth the first piece of bone was recovered. Then several bones, broken skull and jaw were recovered underneath. It was yet to be confirmed whether these bones are of the same person who went missing? To set the identity from bone's DNA, reference samples were needed. Investigative agencies had to face a challenge again while collecting the reference samples, as the lady (W2) who lodged the complaint had three kids but it was not sure of the deceased being the biological father of those kids since the women (W2) was having simultaneous physical relationship with another man (M2) too. So finally, the wife who had left the home earlier (W1) and her daughter's blood samples were sent as referral samples for DNA fingerprinting test with the bones recovered. This is a real case in which the identity of the deceased was set by the recovered bones after 10 years beneath the soil using the DNA technology by Shrivastava et al. [12] .
DNA FINGERPRINTING: A SIGNIFICANT SUPPORT TO INDIVIDUAL IDENTIFICATION
As all living beings contain DNA, and all DNA exhibits variability both among and within species, DNA present in every biological evidence associated with a legal case and carries information about its source. Every single individual in the world can be identified at the molecular level on the basis of an extremely high-level of polymorphism in the sequence of his/her DNA, which is inherited from the respective biological parents and is identical in every cell of the body. DNA fingerprinting can confirm with certainty the pedigree of an individual [10, 13] . DNA extraction from biological material was started in 1980's. Since then the application of molecular methods to address even more challenging questions pertaining to the identification of an individual has tremendously augmented [14] . Personal identification and determination of paternity are the two major aspects of forensic DNA analysis. In disparity to clinical genetics, forensic DNA typing examines the properties of noncoding loci spread over the entire human genome. Because of non-coding loci which are not being expressed fully, for example, as proteins or ribosome, therefore, DNA typing seldom reveals the whole genome information about an individual except a part of it which can merely be used for identification purpose or to find out the subject's relatedness to other individuals (the others must also be examined).
Two types of genetic variations (length and number of repeats) exist in human DNA sequences. These two variations are further polymorphic for every individual and this phenomenon of polymorphism in length and number of repeat sequences in DNA forms the basis of identification. When information from multiple unlinked genetic markers is combined, high powers of discrimination are possible.
DNA fingerprinting/DNA typing or DNA profiling technique was first described in 1985 by an English geneticist named Alec Jeffrey's [15, 16] . By developing a technique to examine the length and repeat number variation of the repeated DNA sequences, Jeffrey and his team made human identification (HID) possible from biological samples. It was the dawn of a new era in the forensic criminal investigation. Although 99.9% of human DNA sequence is the same in the very person, enough of the DNA is different that it is possible to distinguish one individual from another [4] . 
STR BASED DNA FINGERPRINTING IN HID
The initial methods for DNA typing were based on the restriction fragment length polymorphism (RFLP), requiring a high molecular weight genomic DNA, i.e., around 10 ng [17] . Since most of the forensic samples are present in traces and are exposed to adverse environment like high temperature, humidity and sometimes are contaminated. The aforementioned conditions makes it very difficult to extract a good quality (high molecular weight) DNA from forensic samples. Hence, improvement in methodology was need of the hour and a new breakthrough was urgently required to deal with the challenging forensic samples. Discovery of PCR in the early 1990s played the key role in the development of forensic DNA analysis. To cope with this intricacy, STR-based DNA analysis with improved sensitivity, speed and genotype precision was started [18] . STRs by definition are short (2-6 base pair) repeats. Three or more of them can be analyzed at a time. Multiple STRs can be examined or "multiplexed" in the same DNA test. Multiplex STRs are valuable because they can produce highly discriminating results and can successfully measure sample mixtures and are capable of generating DNA profiles from much degraded DNA molecules [19] . STR analysis is accepted as the most steadfast method in forensics, and standard protocols have been validated in laboratories worldwide [20] . Genetic and anthropological studies have shown that the peopling of the Indian subcontinent is characterized with contributions from different ancestral populations and a large extent of genetic variation have been reported in DNA polymorphism among different Indian population groups [21] [22] [23] [24] [25] [26] [27] [28] [29] based on autosomal, Y and X STR markers. In addition, the detection of multiplex STRs has been made automated, to cope with the increasing demand of DNA testing in forensic casework.
CORE MARKERS AND COMBINED DNA INDEX SYSTEM (CODIS)
For having the wide acceptability of DNA typing technology, a common set of markers must be used. The STR loci which are being used in forensics world vide were initially developed either at Baylor college of Medicine [30, 31] or at the forensic science services (FSS) in England [32, 33] . The UK initiated their National DNA database in April 1995 with six STRs (TH01, vWA, FGA, D8S1179, D18S51, and D21S11) [34] , and after this Europe adopted the early UK DNA STR markers plus D3S1358 as their initial European standard set (ESS) of seven core STR loci. In November 1997, the United States settled on a set of 13 core STR markers to use with the FBI's CODIS software and about a year later launched the National DNA Index System (NDIS) [35, 36] . The CODIS 13 core loci include the seven ESS loci plus D16S539, TPOX, CSF1PO, D5S818, D7S820, and D13S317 [36] .
CODIS is the term used to describe the FBI's support program for criminal justice, DNA databases and the software required to run these databases. NDIS is considered one part of CODIS, containing the DNA profiles contributed by federal, state, and local participating forensic laboratories. The 13 CODIS loci used in the database are CSF1PO, FGA, TH01, TPOX, VWA, D3S1358, D5S818, D7S820, D8S1179, D13S317, D16S539, D18S51, and D21S11 [36] . The FBI Laboratory recently announced an expansion of these original thirteen STR loci that have been the core of the NDIS since 1997. Seven additional STR loci (D1S1656, D2S441, D2S1338, D10S1248, D12S391, D19S433, and D22S1045) were selected by the CODIS Core Loci Working Group with the goal to require implementation of the new 20 CODIS Core Loci by January 1, 2017 [37-39] . Collectively, these loci provide greater discrimination potential for HID applications and enhance kinship analyses typically used in missing person investigations. The goals of this expansion include reducing the number of adventitious matches, increasing international compatibility and increasing the power of discrimination for criminal and missing person cases [38, 39] .
All the STR loci used are noncoding, but most are close to or within the introns. The first STR loci was identified within introns and named after the gene with which the intron was associated. STR locus vWA is a repeat found in intron 40 of the von Willebrand Factor gene (named after the physician who noted a blood clotting disorder based on a mutation in this gene) [32] , of chromosome 12. Another STR marker TPOX is within intron 10 of the thyroid peroxidase gene on chromosome 2.
For most of the STR loci, the nomenclature is comparatively simpler for instance, in the name of STR locus D3S1358, D stands for DNA; 3 indicates the chromosome; S indicates there is a single copy, and the number indicates that this was the 1,358 th section of chromosome 3. Originally, there were four loci in 1994 [40, 41] and then seven loci a year later [42] [43] [44] [45] . These reactions were assembled by the UK FSS [46] . After the contraption of multiplex STR marker, two giant technical brands Applied Biosystems (now part of Thermo Fisher Scientific, Waltham, MA, USA), and, the Promega Corporation (Fitchburg, WI, USA) started developing and marketing multiplex kits. By 1997, there were kits that use to amplify nine STR loci plus amelogenin (the sex-determining marker), which increased to 16 marker in 2000 [47] . Today, paternity testing and genetic identification in forensic casework are carried out by testing a set of 16-24 STR markers.
DIFFERENTIATING MONOZYGOTIC TWINS
It was presumed for a very long time that using standard forensic DNA testing, monozygotic twins cannot be differentiated, as they have identical autosomal STR profiles. With a probability for monozygotic twins of about 3 in 1000 births [48] , around 6 of 1000 males are identical twins. Paternity cases with monozygotic twins are not frequent. Despite similarity in their autosomal STR DNA profile, small genetic or epigenetic differences between twins have been reported [49] [50] [51] . Monozygotic twins are considered being genetically identical, therefore, they cannot be differentiated using standard forensic DNA testing, but recently identification of extremely rare mutations by ultradeep next-generation sequencing (NGS) have been suggested to differentiate or individualize the monozygotic twins which was not possible before and was thought to be the only lacunae of forensic DNA profiling [52] .
Forensic DNA analysis involves several steps such as DNA extraction, quantitation, amplification, genotyping, and then analysis. This process takes almost 8-10 h to several days depending on the diverse nature and condition of forensic samples. Of this time, 2.5-4 h are attributed to the traditional PCR methodologies used to amplify STRs. There have been attempts to reduce this time for the processing of casework samples to make the analysis time shorter. New improved kits have been made more sensitive and even time of PCR is also reduced. The leading suppliers are regularly coming up with increased loci and with improved buffers to cope with the PCR inhibitors and to reduce the PCR time. Rapid DNA amplification/PCR [53] [54] [55] [56] [57] , direct amplification for genotyping without DNA extraction [55, 57, 58] and now capillary electrophoresis (CE) based Rapid 200, a machine which directly gives DNA profile from the sample in 90 min [59] are few more recent advancements in forensic DNA typing.
Scientific working group on DNA analysis methods has produced helpful guidelines on training, validation, missing person's casework, and interpretation of autosomal STRs, mitochondrial DNA, and Y-chromosome STRs (http://www. swgdam.org).
NGS IN FORENSICS
The recent introduction of NGS technology in forensic science has allured the scientific community with its high throughput capacity, and low cost [52] and ancient DNA analysis [60] . The traditional workflow of forensic DNA profiling is shown in Figure 3 . Usually for the multiple variants of DNA analysis techniques, separate PCR run is required. However with NGS technology simultaneous amplification of multiple STR marker types can be achieved in a single run [ Figure 4 ]. With the advent of current NGS technologies, now a large number of samples can be analyzed quickly and cost effectively. In 2013, an NGS approach was presented with the simultaneous analysis of 10 STRs, 386 autosomal ancestry and phenotype informative singlenucleotide polymorphisms (SNPs), along with the complete mtDNA genome [61] . Initially, the rather high error rates were preventing NGS technologies from being used in forensic routine [62] , but now the technology is ready for being used in forensics.
THE AVAILABLE NGS KITS IN FORENSICS
Life technologies have launched HID-Ion AmpliSeq Identity Panel [63] for forensic purpose. This provides discrimination of individuals similar to STR genotype match probabilities used by forensic analysts. The HID-Ion AmpliSeq Identity Panel is the first commercially available NGS panel for HID purposes that high discrimination power is achieved by using 30 upper Y-Clade SNPs and 90 autosomal SNPs that have high heterozygosity and low Fst. Utilizing this technology for HID applications, the HID-Ion AmpliSeq Ancestry Panel is also available. This ready-to-use panel includes 165 autosomal markers that provide biogeographic ancestry information [ Table 1 ].
The ForenSeq DNA Signature kit from Illumina includes over 200 forensically relevant genetic markers in a single and streamlined workflow which include autosomal, Y-and X-STR markers. This includes dense set of identity informative SNPs (iiSNPs) that are informative for source attribution, especially with degraded, mixed and/or PCR inhibited samples. These also include phenotypic informative SNPs (piSNPs) which provide information about eye and skin color as well as biogeographical ancestry informative SNPs (aiSNPs) which are for forensic purpose whole mitochondrial DNA sequencing solutions are also available [64] [ Table 2 ]. Table 3 ].
NGS technology has also drastically reduced the analysis time and now in <24 h the analysis is done. However, still the technology is yet to find a place in most of the forensic laboratories.
FORENSIC DNA PHENOTYPING (FDP)
There has been increasing interest in the determination of externally visible characteristics ("EVCs") such as age, eye color, hair color, and skin color, a newly emerging forensic technique [66] [67] [68] [69] [70] , now more commonly known as FDP. FDP refers to the prediction of appearance traits of unknown sample donors, or unknown deceased (missing) persons, directly from biological materials found at the scene. "Biological witness" outcomes of FDP can provide investigative leads to trace unknown persons, who are unidentifiable with current comparative DNA profiling [71] . Future research to better understand the genetic basis of human appearance will expectedly lead to a substantially more detailed description of an unknown person's appearance from DNA, delivering increased value for police investigations in criminal and missing person cases involving unknowns or the present studies suggest that FDP will facilitate the identification of missing persons, help to solve investigations with no witnesses or leads, and enhance the likelihood that "cold" cases will be solved [66] . Potential age predictors are also being searched for age prediction, supplementing FDP to become a relevant source of information on human appearance. Recent progress in analysis of the human methylome has enabled selection of multiple candidate loci showing a linear correlation with chronological age. In a recent report using convenient and reliable pyrosequencing technology based on eight DNA methylation candidate loci in 420 samples collected from men and women aged from 2 to 75 years confirmed; the correlation of all the investigated markers with human age [72] .
MICROBIAL FORENSICS
Analysis of human microbiome and use of microbial signatures in linking crime scene exhibits with the suspect is another growing area. Human skin harbors numerous bacteria and these bacteria present on human skin can provide forensically important information regarding individual host or about the geographical origin of the host [73] . The human microbiome is composed of unique variety of microorganisms which varies greatly with daily activities, use of antibiotics and medicines and variability in their number and diversity as well. Human skin is colonized by a countless number of microorganisms consisting of eukaryotic fungi and protists among them bacteria are most numerous present on the surface and deep layers of skin, in the saliva, oral mucosa, gut mucosa, conjunctiva and almost in every region of the body [74, 75] . Colonization on the skin depends on the natural balance of the skin surface, which is highly variable depending on the geographical location, environmental factor, age and sex of the host. Cutaneous innate and adaptive immunity response can also render changes in skin microbes [75] . The diversity and interindividual variation of skin-associated bacteria has been shown by various researchers [76] [77] [78] [79] [80] . Fierer et al. [78] reported that the left and right hand of an individual shared 17% of the species-level phylotype while hands from the different individual shared only 13%. Sequencing of the microbiome in swabs or soil samples have been used to demonstrate differences in different taxies found at different locations [81, 82] and only 50% of the microbiome diversity is shared between samples taken a few meters apart at the same time. Nevertheless, the variation between sampling sites was much higher [82] . A multiplex real-time PCR assay using oligonucleotide mixtures targeting genomes, specific for a selected group of bacteria have been used to see the bacterial signature for identification of biological fluids in forensic case exhibits [83] . However, much research is required to make this field as an effective tool in the criminal investigation.
BIO-GEOGRAPHICAL ANCESTRY ANALYSIS (BBA)
Ancestry can be described as the genetic inheritance each individual carries from their ancestors, in the immediate past from their kinship. BAA concentrates on the population variation found in an individual that can signal their origin from a particular geographic origin [84] . BAA can offer a substitute to eyewitness testimony and also it can be applicable in cases having no eyewitness, in solving cold cases, refining DNA databases, archaeological DNA analysis, genetic studies with forensic sensitivity, refining familial search [85] . The studies undertaken in last decade emphasize that sets of ancestry informative markers can be suitable for small scale PCR-based assays which can be used to analyze ancestry of individuals [84] . 
